Oxygen activation in flavoprotein oxidases: the importance of being positive.
The oxidation of flavin hydroquinones by O(2) in solution is slow, with second-order rate constants of ~250 M(-1) s(-1). This is due to the obligatory, single-electron transfer that initiates the reaction being thermodynamically unfavored and poorly catalyzed. Notwithstanding considerations of O(2) accessibility to the reaction site, its desolvation and geometry and other factors that can also contribute to further rate acceleration, flavoprotein oxidases must activate O(2) for reaction with flavin hydroquinones to be able to achieve the 100-1000-fold rate enhancements typically observed. Protein positive charges have been identified in glucose oxidase, monomeric sarcosine oxidase, N-methyltryptophan oxidase and fructosamine oxidase that electrostatically stabilize the transition state for the initial single electron transfer that generates the O(2)(-•)/flavin semiquinone radical pair. In choline oxidase despite the presence of three histidines in the active site, the trimethylammonium group of the reaction product provides such an electrostatic stabilization. A nonpolar site proximal to the flavin C(4a) atom in choline oxidase has also been identified, which contributes to the geometry and desolvation of the O(2) reaction site. The relevance of O(2) activation by product charges to other flavoprotein oxidases, such as for example those catalyzing amine oxidations, is discussed in this review. A nonpolar site close to the flavin C(4a) atom and a positive charge is identified through structural analysis in several flavoprotein oxidases. Mutagenesis has disclosed nonpolar sites in O(2)-reducing enzymes that utilize copper/TPQ or iron. It is predicted that classes of O(2)-reducing enzymes utilizing other cofactors also contain a similar catalytic motif.